A recent study has suggested that aggressive (AGG) and non-aggressive, rule-breaking (RB) antisocial behavior evidence differential and subtype-specific patterns of genetic expression during development. Namely, although genetic influences on RB increase dramatically during early-to mid-adolescence, genetic influences on AGG appear to remain stable. As no other study has examined age-related change in AGG versus RB, more research is clearly needed before any firm conclusions can be drawn. The current study thus examined whether and how age impacted genetic and environmental influences on AGG and RB in a sample of 252 10-to 15-year-old twin pairs assessed as part of the Michigan State University Twin Registry (MSUTR). Results constructively replicated and extended prior findings, indicating that while the magnitude of genetic and environmental influences on AGG remained stable across adolescence, genetic influences on RB increased dramatically with age. Such findings provide additional support for etiological distinctions within the broader construct of antisocial behavior based on the presence or absence of aggression, and offer insights into the expression of genetic influences during development.
Developmental timing constitutes a core difference between physical aggression and non-aggressive, rulebreaking behaviors, the two primary behavioral sub-types within the broader construct of antisocial behavior. Physical aggression first manifests in earlychildhood (Tremblay, 2003) ; in fact, aggression is most prevalent during the toddler years, after which mean levels decrease (though they may increase again briefly during mid-adolescence; Stranger et al., 1997; Tremblay, 2003) . Even so, aggression exhibits high levels of rank-order stability across development, such that those with the highest levels of aggression as children continue to be particularly aggressive as adults (Tremblay, 2003) . Nonaggressive, rule-breaking behaviors evidence a very different pattern. They are relatively rare in childhood, increase dramatically from mid-to late-adolescence (i.e., during high school and perhaps college), and then dissipate following the transition into adulthood (Stanger et al., 1997).
Further, they are less stable during development, evidencing lower levels of rank-order stability than aggression (Stanger et al., 1997) . Indeed, so noteworthy are these developmental differences between the two behavioral sub-types that they have been incorporated into Moffitt's seminal theory of antisocial behavior (Moffitt, 1993) . Rule-breaking behaviors are thought to characterize adolescent-limited antisocial behavior, whereas aggression is thought to be largely specific to life-course persistent antisocial behavior (see review by Moffitt, 2003) .
Given these developmental differences in the phenotypes of aggression versus rule-breaking, a recent study asked whether the developmental timing of genetic expression also varied across the two sub-types (Burt & Neiderhiser, in press ). Burt & Neiderhiser (in press ) examined age-related etiological change in aggressive versus rule-breaking antisocial behavior in a sample of 720 10-to 18-year-old sibling pairs with varying degrees of genetic relatedness. Cross-sectional analyses revealed that the magnitude of genetic and environmental influences on aggression remained stable across adolescence, whereas genetic influences on rulebreaking nearly tripled in magnitude from age 10 to age 15, after which they slowly decreased. Subsequent longitudinal analyses fully supported these findings. When combined with prior research indicating that genetic influences on aggression increase from age 3 to age 7 and then stabilize (van Beijsterveldt et al., 2003) (as well as the phenotypic research highlighted above), such findings imply that genetic influences on aggression and rule-breaking are expressed during childhood and adolescence, respectively.
One prominent theoretical concept that may explain at least some of these developmental shifts in genetic expression is that of the active gene-environment correlation (i.e., active rGE), in which individuals select environmental experiences consistent with their genotype (Plomin et al., 1977; Scarr & McCartney, 1983) . Scarr & McCartney (1983) postulated that as children Development in Adolescents (TBED-A; n = 108 pairs, 49% female). Both projects required that neither twin had a cognitive or physical handicap that would preclude completion of our on-site assessments. However, exclusion criteria for the ATSBAD also included current medication use (i.e., oral contraceptives, antibiotics, psychotropic or other medications) or medical conditions (e.g., diabetes) that could affect steroid hormone levels (a primary focus of that study). Adolescents gave informed assent, while parents gave informed consent for themselves and their children. Twins ranged from ages 10 to 15 (n = 84, 101, 110, 97, 80, and 31 at ages 10, 11, 12, 13, 14, and 15, respectively) .
For both projects, families were recruited via State of Michigan birth records in collaboration with the Michigan Department of Community Health (MDCH). The MDCH manages birth records and can identify all twins born in Michigan. Birth records are confidential in Michigan; thus, the following recruitment procedures were designed to ensure anonymity of families until they indicate an interest in participating. MDCH identified twins who met the study's criteria and made use of the Michigan Bureau of Integration, Information, and Planning Services database to locate current addresses through parent drivers' license information. MDCH then mailed pre-made recruitment packets to parents. A reply postcard was included for parents to indicate their interest in participating. Interested families were then contacted directly by project staff. Parents who did not respond to the first mailing were sent additional mailings approximately 1 month apart until either a reply was received or up to four letters had been mailed. Though we cannot be sure how many families actually received the recruitment packets, we typically receive reply postcards from 45-52% of recruited families (roughly 10% are undeliverable). These response rates are similar to those of other twin registries that use similar types of anonymous recruitment mailings (Baker et al., 2002; Hay et al., 2002) . Moreover, participating families endorsed ethnic group memberships at rates comparable to other area inhabitants (e.g., Caucasian: 83.7% and 85.5%, African-American: 7.2% and 6.3% for the participating families and the 2005 local census, respectively). Parental education was also generally comparable to that of the area population (i.e., high school graduates: 93.8% and 89.4% for the participating families and the 2005 local census, respectively). Such results suggest that our recruitment strategy yields a sample that is broadly representative of the area population.
Zygosity was established using physical similarity questionnaires administered to the twins' primary caregiver (Peeters et al., 1998) , as well as a research assistant who independently evaluated the twins on physical similarity indices. Zygosities were then compared between the participant and research assistant reports. Discrepancies were resolved through review of questionnaire data and twin photographs (when age, they exert increasingly greater control over the environments they experience, progressively shaping their environments to be consistent with their genetic predispositions. The relative importance of active rGE is thus thought to change across development, such that it has less impact in childhood and becomes progressively more important as children transition into adolescence and adulthood. This increasing influence of active rGE should manifest as increasing genetic influences from childhood to adulthood. Put differently, as individuals exert an increasingly greater impact on the environments they experience, their genetic predispositions should be more fully expressed.
Given this, the results of Burt & Neiderhiser (in press) imply that aggression and rule-breaking may be differentially susceptible to active rGE. In particular, because active rGE seems likely to induce increasing heritability during adolescence in particular (the developmental period most characterized by increasing independence from parental decisionmaking), it may be that rule-breaking is particularly responsive to active rGE. By contrast, if the genes contributing to aggression are first expressed during early-to mid-childhood (as suggested by van Beijsterveldt et al., 2003) , a more limited role for active rGE processes in aggression may be implied. If these findings (and subsequent interpretations) are correct, they would highlight a potential avenue for intervention in the case of rule-breaking (e.g., identify and prevent exposure to rGE triggers).
However, outside of Burt & Neiderhiser (in press), we know of no study 1 that explicitly examines timing of genetic expression for aggression versus rulebreaking. Until these results are replicated in an independent sample, any conclusions must remain somewhat speculative. Moreover, Burt & Neiderhiser (in press ) used aggression and rule-breaking scales fashioned out of the relatively short antisocial behavior scale on the Behavior Problems Index (Zill, 1985) . Replication using more comprehensive and better-validated indices of aggression and rule-breaking, such as those in the well-regarded Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2001) , would certainly augment prior findings. The current study sought to do just this, and in this way, strengthen our confidence that aggressive and rulebreaking antisocial behavior evidence distinctive patterns of etiological moderation by age.
Methods

Participants
The MSUTR includes several independent twin projects (Klump & Burt, 2006) . The 252 same-sex twin pairs included in the current study were assessed as part of one of the two adolescent projects within the MSUTR: the Adolescent Twin Study of Behavioral Adjustment and Development (ATSBAD; n =144 pairs; 67% female) and the Twin Study of Behavioral and Emotional https:/www.cambridge.org/core/terms. https://doi.org/10.1375/twin.12.4.343
We then fit a series of more restrictive moderator models for each measure, constraining the moderators for each source of etiological influence to be zero and evaluating the reduction in model fit.
Several steps of data preparation were necessary for these analyses. First, we log-transformed each scale to better approximate normality (skew following transformation was 1.17 for RB and 0.16 for AGG). We then standardized the log-transformed scale scores to facilitate interpretation of the unstandardized values (i.e., Purcell (2002) recommends that unstandardized estimates be presented for these models, as the more typical standardized estimates can obscure absolute changes across levels of the moderator). We also subtracted 10 from each age, thereby bringing the floor moderator value to 0. We next statistically controlled gender effects via regression techniques (DeaterDeckard & Plomin, 1999; McGue & Bouchard, 1984) . Finally, Purcell (2002) reports that quadratic moderator models are prone to local minima, and should therefore be run at least five times using multiple start values to ensure that the obtained estimates do in fact minimize minus twice the log-likelihood (-2lnL). This procedure was implemented.
Because these interaction models effectively involve fitting a separate biometric model for each individual as a function of their age, they require the use of FullInformation Maximum-Likelihood raw data techniques (FIML). Mx, a structural-equation modeling program (Neale, 1997) , was used to fit models to the transformed raw data. When fitting models to raw data, variances, covariances, and means of those data are freely estimated by minimizing minus twice the log-likelihood (-2lnL). The minimized value of -2lnL in the full moderation model is compared with the -2lnL obtained in more restrictive moderator models to yield a likelihood-ratio χ 2 test for the significance of the moderator effects. Nonsignificant changes in chi-square indicate that the more restrictive model (i.e., that model with fewer parameters and thus more degrees of freedom) provides a better fit to the data. The chisquare was then converted to the Akaike's Information Criterion (AIC; AIC = χ² -(2*df); Akaike, 1987) , so as to measure model fit relative to parsimony. AIC is the most commonly employed fit index within the field of behavioral genetics. The lowest AIC among a series of nested models is considered best.
Results
Descriptives
Mean levels of AGG (4.1 [SD = 4.5] and 3.0 [SD = 3.9] for boys and girls, respectively) and RB (1.6 [SD = 2.6] and 0.8 [SD = 1.4] for boys and girls, respectively) varied significantly by gender, such that boys evidenced higher rates of these behaviors than did girls (both p < .05). Age was not associated with mean levels of AGG or RB, results that likely reflect the narrow age-range of the current samples. However, as noted by Purcell (2002) , phenotypic associations with available) by one of the MSUTR principal investigators (KLK or SAB) or by DNA markers. On average, the physical similarity questionnaires used by the MSUTR have accuracy rates of 95% or better.
Measures
Mothers completed the Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2001 ) separately for each twin. Mothers were asked to rate the extent to which a series of statements described each of their children's behavior over the past 6 months using a 3-point scale (0 = never to 2 = often/mostly true). We utilized the well-known aggressive (e.g. 'bullied', 'cruel', 'gets in fights', 'attacks people'; 18 items; α = .87) and rule-breaking (e.g. 'cheat or lie', 'breaks rules', 'no guilt', 'steals'; 17 items; α = .75) scales. Higher scores reflect endorsement of more aggressive and/or rule-breaking behaviors. Consistent with recommendations in the manual (Achenbach & Rescorla, 2001 ), analyses were conducted on the raw scale scores.
Statistical Analyses
Behavioral genetic analyses make use of the difference in the proportion of genes shared between rearedtogether siblings: monozygotic twins (MZ; who share 100% of their genetic material) and dizygotic twins (DZ; who share an average of 50% of their segregating genetic material). Utilizing these differences, the variance within observed behaviors or characteristics (i.e., phenotypes) is partitioned into three components, additive genetic (a 2 ), shared environment (c 2 ), and nonshared environment plus measurement error (e 2 ). The additive genetic component (a 2 ) is the effect of individual genes summed over loci, and acts to increase twin correlations relative to the amount of genes shared. The shared environment (c) is that part of the environment common to siblings that acts to make them similar to each other. The non-shared environment (e) encompasses environmental factors (and measurement error) differentiating twins within a pair. More information on genetically informative studies is provided elsewhere (Plomin et al., 2008) .
We evaluated the impact of age on the etiology of RB and AGG via a series of nested moderation models (Purcell, 2002) . Models were run separately for each measure, as models that would allow age to simultaneously and differentially moderate both AGG and RB are not currently available. The first and least restrictive model allows for both linear and nonlinear moderation of the genetic, shared, and nonshared environmental contributions (i.e., a, c, e) to AGG and RB. At each age, linear (i.e., A1, C1, E1) and non-linear (i.e., A2, C2, E2) moderators are added to these genetic and environmental paths using the following equation: Mean levels of AGG and RB varied to some extent by project, with lower levels reported in the ATSBAD than in the TBED-A (standardized effect sizes [ES] were -.30 and -.33 for RB and AGG in girls and -.42 for AGG in boys, all p < .05), though mean levels of RB in boys did not vary across sample (ES = -.09, p = .51). The existing differences are likely due to the ATSABD's additional requirement that neither twin take medications (including psychotropic medications such as Ritalin, Prozac, and so on). Importantly, however, when analyses were restricted to the ATSBAD sample alone, results were notably similar to those reported herein. Analyses reported here thus included participants from both samples.
Intraclass Correlations
Intraclass correlations were calculated using the double-entry method, which removes the variance associated with the ordering of siblings within a pair. These correlations offer a preliminary indication of genetic and environmental influences on RB and AGG. For these analyses, the sample was divided into two groups: early-adolescence (ages 10-13) and midadolescence (ages 14-15) (note that our formal age moderation analyses did not subdivide the sample in this way, but made use of participants' actual age). The specific age cut point was the same as that used in Burt & Neiderhiser (in press ). Higher MZ twin than DZ twin correlations implicate genetic influences.
As seen in Table 1 , MZ correlations were generally larger than their corresponding DZ correlations, suggesting that genetic effects are important for AGG and RB during both early-and mid-adolescence. However, close inspection across age and sub-type reveals some key differences. For RB, the MZ-DZ difference was far larger in mid-adolescence as compared to early-adolescence, tentatively suggesting that genetic influences on RB may increase from early-to mid-adolescence. By contrast, genetic influences on AGG did not appear to shift appreciably across adolescence, as the magnitude of the difference between MZ and DZ correlations remained essentially constant (though it was no longer significant in the older group). Such findings are suggestive of differential etiological moderation of AGG and RB.
Moderator Models
Test statistics for a series of nested moderator models are reported separately for each sub-type in Table 2 . We compared the -2lnL obtained in the least restrictive model to the -2lnL found for the more restrictive Note: A, C, and E represent genetic, shared environmental, and nonshared environmental parameters. The fit indices for a series of nested ACE moderator models are presented for each subtype. The fit of each model is compared to that of the least restrictive model (i.e., model #1; allows for linear and quadratic ACE moderation). Nonsignificant changes in chi-square indicate that the more restrictive model (i.e., that model with fewer estimated parameters and therefore more degrees of freedom) provides a better fit to the data, as does a lower AIC value. The best-fitting model for each subtype is highlighted in bold font. Thus, for AGG, the best-fitting model was the main effects model (i.e., there was no etiological moderation by age), whereas for RB, the best-fitting model allowed for linear and quadratic moderation of genetic influences.
model to yield likelihood-ratio χ 2 and AIC tests of the constraints implied by the more restrictive model. For AGG, there was little evidence of etiological moderation by age. None of the individual moderators (i.e., A, C, or E) were statistically significant. Indeed, all linear and quadratic moderators could be fixed to zero without a significant decrement in fit, as indicated by the nonsignificant change in chi-square and the lower AIC value. Such results suggest that the magnitude of genetic and environmental contributions to AGG does not vary across early-to mid-adolescence. By contrast, there was evidence of etiological moderation by age for RB. Fixing the A moderators to zero resulted in a significant decrement in fit, suggesting that the magnitude of genetic influences on RB varies across age. The environmental moderators, however, could be fixed to zero without a significant decrease in fit, suggesting minimal shifts in environmental influences on RB with age.
For the best-fitting models, we made use of the estimated paths and moderators (presented in Table 3 ) to calculate and plot (see Figure 1 ) the unstandardized genetic and environmental variance components at each age using the following equation:
For AGG, the plots are flat because neither linear nor quadratic moderators were statistically significant (i.e., the genetic and environmental path estimates apply to all ages). Only genetic and nonshared environmental influences made statistically detectable etiological contributions to AGG (49% and 29% of the variance, respectively). Shared environmental contributions (22% of the variance) were not statistically significant.
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Moderation By Age
Figure 1
Unstandardized variance components in aggressive (AGG) and rule-breaking (RB) antisocial behavior across early-to mid-adolescence.
Note: A, C, and E represent genetic, shared, and non-shared environmental variance components, respectively. These estimates index the absolute changes in genetic and environmental variance in AGG and RB from ages 10 to 15. shared environmental influences on RB is less consistent with prior work (Burt, 2009) , as is our finding of no shared environmental moderation with age (Burt & Neiderhiser, in press ). Though the exact cause of these differences remains unclear, they may in part reflect our rather small sample size (and the corresponding reduction in statistical power), as larger samples are required to simultaneously detect genetic and shared environmental influences. There are some limitations to consider when interpreting our findings. First, we did not examine how age-of-onset of AGG and RB impacted our results. However, because of the close link between aggression and early-onset ASB (Moffitt, 1993 (Moffitt, , 2003 , and between rule-breaking and adolescent-onset ASB, our findings are at least circumstantially tied to Moffitt's (1993) developmental taxonomy. Next, due to sample size considerations, gender was regressed out of AGG and RB prior to analysis. Fortunately, prior studies (Burt, 2009; Rhee & Waldman, 2002) have suggested that heritability estimates for ASB do not vary across gender, suggesting that our exclusion of gender is unlikely to have impacted our results. Even so, future analyses should evaluate whether gender further moderates the impact of age. Finally, neither of the genetic moderators for RB was individually significant. Such findings are very likely a reflection of the reduced power inherent in small sample sizes. Even so, we could not drop both genetic moderators from the model without a significant decrement in fit, indicating that while it is unclear whether the genetic moderation is linear or nonlinear in nature, there is clear evidence for the genetic moderation of RB with age.
The results of the current study highlight the utility of explicitly examining the moderating role of age to understand timing of genetic expression. Our results indicate that genetic influences on RB may increase rather dramatically from early-to mid-adolescence, constructively replicating those of Burt & Neiderhiser (in press ). Such findings are at least consistent with a prominent role for active rGE in the development of nonaggressive delinquency, such that individuals seek For RB, only genetic and nonshared environmental influences were significant at age 10. Shared environmental influences made a moderate, though non-significant contribution. Although neither of the genetic moderators was individually significant, we could not drop both from the model without a significant decrement in fit (as noted above). In short, while the model clearly suggests the presence of genetic moderation of RB with age, it is unclear whether this moderation is linear or nonlinear in nature. When plotted, results suggest that genetic influences on RB increase substantially from early-to mid-adolescence, more than doubling in magnitude. Non-shared and shared environmental parameters, by contrast, remained stable across adolescence.
2
Discussion
The aim of the present study was to replicate prior findings (Burt & Neiderhiser, in press) suggesting that genetic influences on RB, but not AGG, increase dramatically over the course of early-to mid-adolescence. We examined AGG and RB scales from the wellknown CBCL in an independent sample of adolescent twins. Results revealed that AGG remained etiologically stable across adolescence, whereas genetic influences on RB increased substantially (more than doubling in magnitude) from age 10 to age 15. Such findings offer key support for prior findings of distinctive patterns of etiological moderation by age across aggression and rule-breaking forms of antisocial behavior, indicating that these results are largely robust to sampling variation and persist across multiple measures of these constructs.
These findings are generally consistent with those of other studies. Other twin and adoption studies of aggression have reported strong genetic influences on aggression (50-65% of the variance) and smaller shared environmental influences (Burt, 2009) , results that were generally replicated here. Further, the very high heritability of RB in mid-adolescence is quite consistent with that reported in Burt & Neiderhiser (in press ). By contrast, our finding of insignificant out experiences consistent with their genotypes that then serve to further activate their genetic predispositions. One likely mechanism for these active rGE effects is deviant peer affiliation, particularly as there is evidence to suggest that affiliation with deviant peers exacerbates antisocial behaviors (Deater-Deckard, 2001) , and moreover, that rule-breaking is more frequently committed in the company of peers (Gardner & Steinberg, 2005) . By contrast, the magnitude of genetic influences on AGG remained constant, results that again replicate those of Burt & Neiderhiser (in press ). Such findings suggest that although genetic influences on RB may not fully express themselves until adolescence, this timeline does not apply to all forms of antisocial behavior. Instead, it may be that genetic influences on AGG are initially expressed in early childhood after which they stabilize, consistent with the findings of van Beijsterveldt et al. (2003) . As the theory of rGE postulates that active rGE exerts relatively little influence until late childhood or early adolescence (Scarr & McCartney, 1983) , such findings are may be suggestive of a more limited role for active rGE processes in the development of aggression. Indeed, building on the example of deviant peer affiliation mentioned above, there is evidence to suggest that although aggressive youth will aggress in the company of friends, they are just as likely to initiate fights and other aggressive acts when alone (Moffitt, 1993 (Moffitt, , 2003 , a pattern of behavior that is not applicable to the more 'sociable' rule-breaking.
